Background-The influence of smoking and of nicotine substitution on the counts of total blood leucocytes and leucocyte subsets and the relations between the counts and lung function was investigated. Methods-The study was a combined cross sectional and prospective study of 298 smokers and 136 non-smokers. Forced expiratory volume in one second (FEV 1 ) was measured in all participants at baseline and six months after quitting smoking in 160 ex-smokers (quitters) and 138 persons with smoking relapse. Blood samples were obtained from all participants at baseline and from 160 quitters and 30 continuing smokers two, six, 12, and 26 weeks after smoking cessation and from 92 quitters one year after the cessation of smoking. Results-Blood leucocyte counts and leucocyte subsets were all higher in smokers than in non-smokers. In cigarette smokers total leucocyte, neutrophil, and lymphocyte blood counts showed a dose dependent relationship with the daily cigarette consumption and pack years consumption. In smokers the neutrophil blood count was independently associated negatively with FEV 1 residuals. After quitting smoking total leucocyte, neutrophil, and lymphocyte blood counts decreased during the first 26 weeks and after one year lymphocyte blood counts were higher than in non-smokers. In quitters substituted with nicotine chewing gum (2 mg) the accumulated number of pieces of chewing gum used in the 12 weeks had an inverse relationship with the decrease in the total lymphocyte blood count at 12 weeks after smoking cessation. Conclusions-Leucocyte blood counts are raised in smokers and decrease after smoking cessation. Neutrophil blood counts had an inverse relationship with lung function and nicotine may increase lymphocyte blood counts in smokers. (Thorax 1998;53:784-789) 
Smoking is associated with increased annual loss of lung function 1 2 and is the major cause of chronic bronchitis 3 and emphysema. 4 A few smokers develop severe lung function impairment. 5 The reasons for diVerent susceptibility is not known.
Numerous studies 6-17 18-20 have found increased leucocyte blood counts in smokers compared with non-smokers and some studies additionally have found a negative relationship between leucocyte blood counts and lung function in smokers [16] [17] [18] [19] [20] and in non-smokers. [18] [19] [20] Only one study quantified the independent impact on lung function of the total leucocyte blood counts 18 and none have related neutrophil, lymphocyte, and basophil blood counts to lung function in smokers.
Smoking influences the total number of lymphocytes and the relative distribution of the diVerent lymphocyte subtypes, [21] [22] [23] [24] [25] and smoking may impair lymphocyte function. 26 The relation of lymphocyte numbers to lung function and the immediate changes in lymphocyte numbers after the cessation of smoking has not been explored. There has been disagreement about the influence of smoking on basophil blood counts. [27] [28] [29] Large cross sectional studies 10 12 have found a persistent increase of, in particular, neutrophil blood counts in ex-smokers, but changes after smoking cessation have never been investigated in a prospective study.
Chronic bronchitis and episodes of acute airway inflammation in smokers relative to non-smokers, 16 19 30 stimulation of lung macrophages to produce neutrophil chemotactic factors, and enhancement of neutrophil chemotactic responsiveness 31 32 have been proposed as responsible factors for the increased leucocyte counts in smokers. Plasma nicotine levels correlate directly with the leucocyte blood counts in smokers 33 but a direct stimulation of the bone marrow by tobacco smoke has not been shown.
The purposes of this study were to compare blood counts of total leucocytes and leucocyte subsets between smokers and non-smokers cross sectionally and to follow leucocyte blood counts prospectively immediately after cessation of smoking. We also wanted to explore the relationship between blood total leucocyte and leucocyte subsets and lung function before and after smoking cessation. Finally, we wanted to investigate whether substitution with nicotine chewing gum in ex-smokers influences leucocyte blood counts.
Methods
Four hundred and ninety eight Caucasian smokers volunteered to participate in a smoking cessation programme and were followed for one year. Of these, 342 were recruited through the press and the non-smoking control group (n = 163) was recruited from local industrial plants and oYces.
In the study were included 298 smokers and 136 never smokers who had no history or clinical evidence of asthma or infectious disease within the last 14 days and had reproducible lung function tests. Their demographic data are presented in table 1 which shows that the groups were comparable for all indices.
Blood was collected at the start of the study from all subjects and at two, six, 12, and 26 weeks after smoking cessation from 160 ex-smokers who still were abstinent after six months (quitters) and 30 smokers who never ceased smoking (continuing smokers). Ninety two quitters gave blood samples after one year. Blood samples were obtained at diVerent time points of the day, but each participant gave blood at the same time of the day and after two hours of rest. Continuing smokers were used as a smoking reference group for the change in leucocyte blood counts after smoking cessation. Continuing smokers and quitters had comparable age, smoking history, and sex distribution (table 2) .
Seventy one smokers were randomised to receive nicotine substitution with nicotine chewing gum 2 mg (Lundbeck, Copenhagen, Denmark) for 12 weeks after smoking cessation and were still abstinent after 26 weeks. The cumulated number of nicotine chewing gum pieces used during 12 weeks was analysed to investigate any relationship with changes in leucocyte blood counts at 12 weeks after smoking cessation in the 71 nicotine substituted ex-smokers still abstinent after 26 weeks.
Forced expiratory volume in one second (FEV 1 ) and forced vital capacity (FVC) were measured with a dry spirometer (Vitalograph Ltd, Buckingham, UK) before the start of the trial in all participants and after six months in 160 quitters and 138 smokers with smoking abstinence lasting less than six weeks after quitting (relapsers). The best of three reproducible measurements with less than 5% variation was recorded. Normal values for FEV 1 and FVC were from the European Working Party on Standardisation of Lung Function Tests. 34 Standardised residuals of FEV 1 and FVC were used to evaluate lung function. 35 The smoking history was recorded with respect to duration of smoking (years), kind of tobacco smoked (pipe tobacco, cigarettes, small cigars and cigars), and name of the brand smoked. Pipe and cigar tobacco was converted into corresponding numbers of cigarettes (1 g of pipe tobacco = 1 cigarette, 1 small cigar = 3 cigarettes, and 1 cigar = 5 cigarettes).
Daily cigarette consumption was the daily consumption of tobacco converted into cigarettes. Pack years of consumption was defined for all smokers as duration of smoking multiplied by the number of cigarettes smoked per day and divided by 20.
Tobacco abstinence was controlled by measuring the concentration of carbon monoxide (CO) in expired air (Ecolyzer CO Monitor, Hawthorne, New York, USA). Participants included in this study had to present a CO concentration in expired air of <2 ppm at nine and 10 consecutive visits during 26 and 52 weeks, respectively, to maintain status as ex-smokers after 26 and 52 weeks, respectively. Failure to meet this demand caused exclusion from the study. No reruns were allowed.
Total leucocyte blood counts were measured with a Coulter counter S (Coulter Electronics, Hialeah, Florida, USA) and leucocyte diVerential blood counts were determined by counting 200 cells in a smear stained with MayGrunewald-Giemsa solution. Total neutrophil, lymphocyte, and basophil blood counts were calculated by multiplying the respective leucocyte diVerential blood counts by the total leucocyte blood counts.
All participants gave their informed concent to participate in the study which had the approval of the scientific ethics committee of Aarhus county.
DATA ANALYSIS
The BMDP statistical software package 36 was employed in all calculations. Comparisons of demographic details between groups was performed with Pearson's 2 and Student's t test. The Student's t test was used for comparisons of group means and the paired t test, along with tests for repeated measures, was used to evaluate variations in the various leucocyte counts after smoking cessation. Bivariate and multivariate regression analyses were employed to evaluate relations between lung funtion and leucocyte blood counts before and after smoking cessation, and the relation between nicotine chewing gum consumption and decrease in leucocyte blood counts after smoking cessation. The distributions of the leucocyte counts were not normal. To obtain a normal distribution natural logarithmic transformation was employed in the analyses. In the text geometric means and 95% confidence limits (CI) are given by employing antilog to the means and to the 95% CI derived by analyses of the logarithmic transformed leucocyte counts. p values of less than 5% were considered significant and p values of 5-10% were considered to represent a trend.
Results

PARTICIPANT GROUPING
Participants were grouped into smokers, cigarette smokers, ex-smokers (quitters) at 26 and 52 weeks after smoking cessation, continuing smokers, relapsers at 26 weeks after smoking cessation, and non-smokers. The grouping of participants is given according to smoking status and time in table 3.
LEUCOCYTE BLOOD COUNTS IN SMOKERS AND NON-SMOKERS
The geometric means (95% CI) of the total leucocyte, neutrophil, lymphocyte, and basophil blood counts in smokers and non-smokers are given in table 1. All cell counts were higher in smokers than in non-smokers.
ASSOCIATION OF LEUCOCYTE COUNTS WITH SMOKING HISTORY
There was no significant relation between pack years or daily cigarette consumption and any of the leucocyte blood counts in the total population. The geometric mean (95% CI) of the total leucocyte, neutrophil, and lymphocyte blood counts for 237 cigarette smokers grouped according to consumption of <20 or >20 pack years and daily cigarette consumption of <20 or >20 are given in table 4. All blood count indices except basophils were higher in smokers with high pack years or daily cigarette consumption than in those with a lower consumption. The basophil blood counts had no association with smoking history.
LUNG FUNCTION AND LEUCOCYTE BLOOD
COUNTS
In linear regression analyses including cigarette smokers, pack years consumption explained 8% (p<0.0001) and daily cigarette consumption explained 2% (p<0.05) of the variation in FEV 1 residuals. Total leucocyte blood counts in cigarette smokers correlated inversely with FEV 1 residuals and explained 11% (p <0.0001) of the variation in FEV 1 when combined with pack years consumption and 3% (p <0.01) when considered independently of pack years and daily cigarette consumption. Further linear regression analyses showed an inverse correlation between total neutrophil blood counts and FEV 1 residuals, and the neutrophil blood counts explained 11% (p <0.0001) of the variation in FEV 1 residuals when considered in combination with pack years consumption and 3% (p <0.05) of the variation when considered alone and independently of pack years and daily cigarette consumption. No significant relations were found between total lymphocyte or basophil blood counts and lung function.
The mean (95% CI) decline in FEV 1 (DFEV) in 138 relapsers during six months was 7 (3 to 9) ml. Multivariate linear regression analyses showed that the total leucocyte blood count and the total neutrophil blood count was related to DFEV when considered independently of pack years consumption (table 5). The total neutrophil blood count independent of pack years consumption explained 31% of the variation in DFEV (table 5). We found no relation between baseline total lymphocyte blood counts and decrease in FEV 1 in relapsers during the six months of observation.
LEUCOCYTE BLOOD COUNTS AFTER SMOKING
CESSATION
Repeated measure variance analyses showed a decrease in total leucocyte (p<0.01), neutrophil (p<0.05), and lymphocyte blood counts (p<0.001) during the 26 weeks after cessation of smoking in 160 quitters (fig 1) . No significant changes were noted in the leucocyte counts in 30 subjects who continued to smoke during the same time span. The changes in the leucocyte counts after quitting were independent of smoking history and baseline FEV 1 residuals. 
INFLUENCE OF NICOTINE CHEWING GUM ON THE CHANGE IN LEUCOCYTE NUMBERS AFTER SMOKING CESSATION
Seventy one participants had received nicotine chewing gum (2 mg for 12 weeks after the cessation of smoking) and were still abstinent after 26 weeks. Linear regression analyses including this group showed an inverse relationship between the cumulated number of nicotine chewing gum pieces used during the 12 weeks and the decrease in the total leucocyte and lymphocyte blood count at 12 weeks after smoking cessation (table 6 ). There was no relation between the cumulated number of nicotine chewing gum pieces used and the decrease in neutrophils.
LEUCOCYTE COUNTS AFTER ONE YEAR OF
ABSTINENCE
The geometric mean (95% CI) total leucocyte, neutrophil, and lymphocyte blood counts at one year after smoking cessation in ex-smokers and in non-smokers are given in table 7. To avoid an influence on leucocyte blood counts of nicotine chewing gum, analyses were performed in ex-smokers without any nicotine substitution (n = 56). Total lymphocyte blood counts were still raised in ex-smokers compared with non-smokers one year after giving up smoking.
Discussion
This study was undertaken to search for relations between leucocyte counts, smoking, and lung function, and to look for a possible influence of nicotine substitution on leucocyte numbers. The study showed increased numbers of total leucocytes, neutrophils, lymphocytes, and basophils in the blood of smokers compared with non-smokers. A weak negative association was found between blood neutrophil counts and lung function, a direct relationship between cigarette consumption and leucocyte blood counts, an inverse relationship between the cumulated number of nicotine chewing gum pieces used and the decrease in blood lymphocyte counts in ex-smokers 12 weeks after smoking cessation, and a persistent increase in lymphocytes in the blood one year after smoking cessation.
The numbers of non-smokers and exsmokers were rather small and this probably limited our ability to show a relation between some of the variables. The concentration of nicotine in the blood of the nicotine substituted quitters was not measured and this would have given more conclusive results regarding the influence of nicotine on the leucocyte blood counts.
Leucocyte counts estimated on a Coulter cell counter have a variability of 2% 37 and are dependent on race, sex, parity, and use of oral contraceptives. 38 We confirmed the previously reported increase in total leucocyte blood counts and the size of the increase in smokers compared with non-smokers [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] and the negative relation between the total leucocyte blood count and lung function in smokers. [15] [16] [17] [18] [19] The total leucocyte blood counts independently accounted for about 3% of the variation of FEV 1 residuals and this eVect of leucocytes on lung function makes this figure unsuitable for predicting accelerated loss of lung function in smokers. We confirmed a dose dependent relation beween cigarette consumption and the total leucocyte blood count, 10-12 although we were not able to show any association between the magnitude of cigarette consumption and the decrease in the total leucocyte blood counts after cessation of smoking.
We confirmed previous reports 8 10 15 16 of a substantial increase in neutrophils in smokers compared with non-smokers. We also found that almost all of the variation in FEV 1 residuals explained by the total leucocyte blood counts was due to neutrophils. This result is in accordance with the theory that the lung injuries observed in some smokers may be caused by cytotoxic products of neutrophils. 15 17 19 The higher decrease in FEV 1 in those who relapsed with high baseline neutrophil blood counts during the six months of the study confirmed that the increased neutrophil blood counts in smokers may have a significant influence on the risk in smokers of developing obstructive lung disease. We confirmed the increase in blood lymphocyte counts in smokers compared with non-smokers and the dose dependent relationship between cigarette consumption and lymphocyte counts. 6 8 10 15 22 Smoking may cause substantial changes in the distribution of lymphocyte subtypes and impairment of lymphocyte function. 21 26 We found, however, no indication of an influence of these changes on lung function in smokers.
There have been reports of both an increase and a decrease in the number of basophils in the blood of smokers compared with non-smokers, 27 28 probably because of the large variability in numbers.
Participants in this study had no diseases such as airway infections 38 39 that might have influenced the blood leucocyte numbers, and prospectively showing a decrease in the counts of the blood leucocytes immediately after the cessation of smoking, confirmed the increased leucocyte counts in smokers.
The inverse relationship in regression analyses between the number of pieces of nicotine chewing gum used during the 12 weeks and the decrease in lymphocyte blood count in exsmokers at 12 weeks after smoking cessation was a strong indication of the stimulating effect of nicotine on lymphocytes. Misclassification of participants with respect to smoking status could have influenced this result. Only quitters with a concentration of carbon monoxide in expired air of <2 ppm in nine consecutive tests over 26 weeks were classified as ex-smokers and included in these analyses. This implies a very low risk of misclassification of ex-smokers at 26 weeks after quitting. The mechanism by which nicotine influences lymphocyte blood counts is not known.
We were not able to show any relation between the decrease in the leucocyte blood counts and lung function, possibly because of a large variability in the counting methods. We confirmed a persistent increase in the total blood leucocyte count 10 12 but, in contrast to earlier reports, the increase was caused by a persistent elevation of lymphocyte numbers. We have no immediate explanation for this discrepancy, but it may be due to the influence of confounding factors in cross sectional studies.
The fast decline in leucocyte numbers was in accordance with the short lifetime of 1-4 days of neutrophils and some lymphocyte subpopulations. 40 This study showed a clear dose-response relationship between smoking and leucocyte numbers and a significant but small independent negative association between lung function and neutrophil numbers. The inverse relationship between the cumulated number of pieces of nicotine chewing gum used and the decrease in the lymphocyte count after smoking cessation suggested a direct influence of nicotine on numbers of lymphocytes.
